High-flow nasal therapy Pathogen transmission Droplet infection
Introduction
Although forced-air 'jet' and hot-air hand dryers have been widely used in public settings, studies have shown that the high speed of air flow generated by these devices can disperse pathogens from contaminated, wet human hands [1, 2] .
High-flow nasal cannula is a promising respiratory support device that uses high-speed, humidified, and warm air flow [3, 4] . The force of air generated by this device effectively improves the patient's respiratory condition by washing out the patient's nasal and oral cavity, increasing the fraction of inspired oxygen, and generating continuous positive airway pressure [3, 4] . Use of high-flow nasal cannula has expanded over the past decades in intensive care units and respiratory wards for its comfort, convenience, and effectiveness.
However, considering the high speed of forced air (60 L/min, 30 km/h) from the nasal cannula, there is a possibility that the pathogens in the patient's nasal and oral cavities might be dispersed. It is recommended that patients keep a closed mouth during high-flow nasal therapy to maintain the positive airway pressure; however, mouth-opening and speaking are not infrequent. In those situations, forced air may exit from the patient's mouth via the nasal and oral cavities, including droplets that contain pathogens, especially if the patient presented with excess nasal mucus secretion.
Prevention of hospital infection is crucially important. Respiratory infection can often be critical for elderly patients and those with impaired immune function. The potential for pathogen dispersal is a threat for healthcare providers and hospital visitors. However, the potential for pathogen dispersal during high-flow nasal therapy has not been investigated. In this study, we conducted several experiments to explore the risk of pathogen dispersal during high-flow nasal therapy.
Methods
A high-flow nasal therapy device (AIRVO, Fisher & Healthcare, Auckland, New Zealand), nasal cannulas (Optiflow Nasal Cannula M, Fisher & Healthcare), a medical training manikin (Airway Man, Ambu, Copenhagen, Denmark), water-sensitive paper (AS ONE, Osaka, Japan), and fresh yeast (Sacchromyces cerevisiae, Tomizawa Shoten, Tokyo, Japan) were used. No human or animal subjects were involved in this study.
Liquid dispersal
Eighteen sheets of water-sensitive paper (76Â52 mm) were placed on a metal frame at intervals of 30 cm facing the manikin's face ( Figure 1 ). The minimum droplet size detectable by the paper was 50 mm, and therefore the paper could detect the average-sized droplets exhaled during coughing and talking (50e100 mm) in clinical settings [5] .
Another set of four sheets of paper was placed on the floor 5 m away from the manikin in all four directions. Tap water (10 mL) thickened with 1 g of potato starch was applied on to the nasal and oral cavities of the manikin to mimic the nasal mucus and saliva of patients. The nasal cannula was inserted into the manikin's nostrils, and the cannula was connected to the high-flow nasal therapy device. The device was then turned on for 10 min at a flow rate of 60 L/min. One hour later, the paper was collected, and the number of spots on the sheets was enumerated. A measurement closest to the manikin's face was performed separately with the same design because the paper may affect the dispersal. As a control experiment, the device was kept in the stand-by mode for 10 min to confirm that there was no detection of water on the paper. In the next experiment, the effect of the patient touching and repositioning the cannula was assessed by manually repositioning the cannula once during use of the device. Three trials for each liquid dispersal experiment were conducted. The values obtained were averaged.
Yeast dispersal
In a similar experimental design described above, 18 Sabouraud dextrose pre-poured Petri dishes were placed facing the manikin's face at 30 cm intervals. Another set of four dishes was placed on the floor at 5 m away from the manikin in all four directions to assess environmental contamination. In this experiment, 10 mL of fresh yeast broth (1Â10 7 cfu/mL) was applied on to the nasal and oral cavities of the manikin. One hour after use of the high-flow therapy device for 10 min at a flow rate of 60 L/min, the dishes were collected. In another set of experiments with the same set-up, the effect of patient touching and repositioning of the cannula was assessed as described above. All dishes were incubated at 37 C for 2e4 days until the number of colonies peaked, and the number of colonies was counted. Three trials for each experiment were conducted, and the values obtained were averaged.
Statistics
Statistical analysis was conducted using GraphPad Prism 8 software (GraphPad Software, San Diego, CA, USA). The number of water spots and colony formation was analysed using two-way analysis of variance, followed by the Bonferroni correction. Values are presented as mean AE standard deviation. P < 0.05 was considered statistically significant.
Results

Liquid dispersal
In the liquid dispersal experiment, water was detected only on the sheet placed in front of the manikin's face (3.7 AE 1.2 spots) ( Figure 2A ). Manual repositioning of the cannula significantly increased the water dispersal (95% confidence interval (CI): 1.216e0.266; P ¼ 0.0032); water spots were observed in the three sheets placed close to the manikin's face ( Figure 2B ). Water dispersal was not detected on the sheets placed 5 m away from the manikin.
Yeast dispersal
Similar to the liquid dispersal experiment, colony formation was observed only on the dish that was closest to the manikin's face (2.3 AE 0.5 colonies) ( Figure 2C ). Manual repositioning of the cannula significantly increased the colony formation (P ¼ 0.039, 95% CI: 0.504e0.0143); dispersal was observed in two dishes placed in front of and lateral to the manikin's face ( Figure 2D ). Colony formation was not observed on the dishes placed 5 m away from the manikin.
Discussion
This is the first study to investigate the potential risk of pathogen dispersal from a high-flow nasal cannula via safe invitro experiments. Dispersal of water and yeast was detected only in the proximal location closest to the manikin's face. Although the manual repositioning of the nasal cannula during use of the device slightly increased the dispersal, the dispersal remained limited to the proximal location closest to the manikin's face. No dispersal of water and yeast was detected in areas >60 cm away from the face. These results suggest that use of high-flow nasal canula does not increase the risk of droplet infection because coughing or sneezing may generate droplets that can travel farther [6] .
Among various routes of infection, pathogens that cause pandemics, such as influenza and severe acute respiratory syndrome virus, transmit via droplet infection [7, 8] . In general, droplets fall rapidly to the ground under gravity, and therefore are transmitted only over a limited distance. Droplets settle on the surface of the hospital bed frames, tables, or other patient's belongings, which may result in contact infection. Many species of bacteria, including meticillin-resistant Staphylococcus aureus, have been acquired nosocomially and subsequently transmitted in the community [9, 10] .
We used a manikin instead of human subjects to eliminate the actual risk of dispersal of resident pathogens and antibiotic-resistant bacteria. To control for individual differences in oral and nasal bacterial flora and wettability, we used yeast as a replacement for human resident bacteria. Yeast is a biosafety level 1 micro-organism and has been used safely for in-vitro experiments [2] .
In the present study, the droplet dispersal was limited to the proximal space of the face and the cannula. Air flow generated by the high-flow nasal therapy device is blown into a relatively closed nasal cavity compared with the open space of hand dryers. This may limit much of the droplet dispersal to inside the nasal and oral cavities. Another possible explanation is that the flow volume and velocity of the air flow of the high-flow nasal therapy are relatively small (60 L/min, 30 km/h) compared with those of jet dryers that can be up to 2100 L/min, 640 km/h. Our data suggest that it is likely that high-flow nasal therapy does not increase the potential risk of droplet and contact infection. However, there is a possibility that the device generates smaller particles (aerosol) that may remain in the air and may cause airborne infection rather than droplet infection. Another limitation of this study is that we did not 
